The present study examines whether the Race to the Bottom and Revised EKC scenarios presented by Dasgupta and others (2002) 
I. INTRODUCTION
The Environmental Kuznets Curve (EKC) provides an analytical framework to examine how economies deal with environmental issues. It postulates an inverted-U relationship between pollution and economic development; at early stages of development,
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Hiroyuki Taguchi* environmental quality deteriorates as per capita income increases,while at higher levels of development, environmental degradation is seen to decrease as per capita income increases further. Dasgupta and others (2002) , however, point out that the conventional EKC has been challenged by numerous critics: the critics that have taken a negative view claim that the curve will rise to a horizontal line denoting maximum existing pollution levels, as globalization promotes a "race to the bottom" in environmental standards (the scenario of Race to the Bottom), whereas the optimistic critique suggests that the level of the curve drops and shifts to the left as growth generates less pollution in the early stages of industrialization and pollution begins falling at lower income levels (the scenario of Revised EKC). Both of these schools of thought, however, have not been supported with much empirical research.
The purpose of the present paper is to examine whether the scenarios of Race to the Bottom and Revised EKC are applicable in Asia to representative environmental indices, namely sulphur emissions and carbon emissions. In recent decades, intra-economic integration in terms of trade and investment ows 1 has taken place in Asia. This consolidation will be further strengthened as a result of the upcoming formation of the ASEAN 2 Economic Community in 2015. Asian economies are at different stages of development consisting of high-income countries, such as Japan and the Republic of Korea, middle-income countries, such as Malaysia and Thailand, and low-income countries, such as Cambodia and Myanmar. 3 Because of the ongoing integration combined with the great diversity among Asian countries, Asia is a prime region for analysing the Race to the Bottom and Revised EKC scenarios. An understanding of the validity of these scenarios can contribute to determining the type of policy actions needed in the region.
Following the introduction, the present study, contains a discussion of the empirical literature on EKC and the contribution of this paper in section II. An empirical study of the scenario-adaptability is provided in section III and section IV contains some concluding remarks. Vol. 19, No. 2, December 2012 4/2 
II. LITERATURE REVIEW AND AUTHOR'S CONTRIBUTION
In a "conventional" discussion of the inverted-U relationship between environmental quality and economic development, Dasgupta and others (2002) indicated the following: in the rst stage of industrialization, pollution worsens at a rapid pace because people are more interested in jobs and income than in clean air and water, communities are too poor to pay for abatement, and environmental regulation is correspondingly weak; along the curve, pollution per capita levels off in the middle-income range, and then falls towards pre-industrial levels in wealthy societies; as leading industrial sectors become cleaner, people value the environment more highly, and regulatory institutions become more effective. "Kuznets" was apparently attached to the curve by Grossman and Krueger (1993) , who noted its resemblance to the Kuznets inverted-U relationship between income inequality and development.
Empirical tests and theoretical debates on EKC have been ongoing since it was rst discussed in 1992 in the World Development Report 1992: Development and the Environment by the World Bank. 4 Until the mid 1990s, most of the empirical studies concentrated on validating the EKC hypothesis and its requirements by using cross-sectional data. Some of evidence on speci c pollutants supported the validity of EKC, such as the work of Grossman and Krueger (1995) and Selden and Song (1994) , while other studies indicated that EKC did not hold at all times and for all pollutants, such as the work of Sha k (1994). Since the late 1990s, the EKC studies have shifted from cross-sectional analyses to time-series analyses, especially analyses for comparing EKC of individual economies in terms of such factors as the height and the timing of their peaks or their shapes as found in the works of, among others, Panayotou (1997) and De Bruyn, Van den bergh and Opschoor (1998) .
One area of direction for EKC literature is to put into empirical tests the scenarios presented by Dasgupta and others (2002) . The three scenarios are different from the conventional scenarios associated with EKC. They are described in gure 1. The rst scenario, Race to the Bottom, is a pessimistic one in that the curve attens and rises towards the highest existing level of pollution. Under this scenario, relatively high environmental standards in high-income economies impose high costs on polluters, prompting shareholders to drive rms to relocate to low-income countries with weak or non-existent environmental regulations. The rising capital out ows then forces governments in high-income countries to begin relaxing environmental standards. The second scenario, entitled New Toxics, is also pessimistic: industrial society Vol. 19, No. 2, December 2012 4/3 4 See http://wdronline.worldbank.org/worldbank/a/c.html/world_development_report_1992/abstract/ WB.0-1952-0876-5.abstract1.
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continuously creates new, unregulated and potentially toxic pollutants, thereby the overall environmental risks from these new pollutants continue to grow even if some sources of pollution are reduced. The other scenario Revised EKC is rather optimistic. It assumes that due to growing public concern and research knowledge about environmental quality and regulation, developing societies can experience an EKC that is lower and atter than the conventional one would suggest; these societies may develop from low levels of per capita income with little or no degradation in environmental quality. Under this scenario, the lower and atter EKC curve can be attributed to such factors as environmental regulation, economic liberalization and pressure from market agents and better information. Notably, these factors are described with several cautionary notes. These scenarios are also mentioned in other literature surveys and overviews. Dinda (2004) , for instance, analysed the Race to the Bottom scenario, as well as the Diffusion of Technology, International Assistance, and Technological and Organizational Change scenarios, all of which resulted in a lower and atter EKC as compared to the conventional scenario. As an interesting analogy, Mukhopadhyay and Chakraborty (2005) presented two con icting hypotheses as the trade-environment debate, namely the pollution haven hypothesis and the factor endowment hypothesis. They conducted empirical tests using both hypotheses on trade of India with the rest of the world and the European Union during the 1990s. Vol. 19, No. 2, December 2012 4/4
Source: Dasgupta and others (2002) .
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The contribution of this study is to test statistically the Race to the Bottom and Revised EKC scenarios presented by Dasgupta and others (2002) using as the targets sulphur and carbon emissions in Asia.
5 Thus far, there is limited evidence on the validity of these scenarios. Notably, Asia is a suitable location for carrying out empirical tests of these scenarios due to forthcoming economic integration in parts of the region and the great economic diversity among its countries. The analysis uses the latest data, spanning the periods 1950-2000 on sulphur emissions and 1950-2009 on carbon emissions. The usage of this data made it possible to make the EKC estimation re ect the recent trends of technological progress and policy responses to address environmental issues as well as the growing economic interaction of Asia. The additional contribution is that the estimation for the EKC adopts a dynamic panel model. It appears to take some periods for the current level of emissions to adjust towards their equilibrium level -a kind of inertia in the emission level. Most of previous studies on EKC have adopted a static panel model in terms of ordinary xed or random estimations. When there is evidence of dynamics in the data, however, the validity of applying a static model might be questioned as being dynamically miss-speci ed. Thus far, it appears that only Halkos (2003) has constructed a dynamic panel model for the EKC estimation. Therefore, the method of Halkos (2003), which allows dynamic adjustments in the level of emissions, was used for the present paper.
III. EMPIRICS
The analysis consisted of two steps. First, it gave a simple overview of the relationship between per capita real income and environmental indices, focusing on selected economies in East Asia. The next step was to carry out a dynamic panel analysis using cross-country panel data to examine the EKC pattern and to see if the scenarios Race to the Bottom and Revised EKC would be validated in the environmental management in Asian economies.
Data
For sulphur emissions, data estimated by Stern (2005) were used. This database, measured in thousands of metric tons of sulphur, was compiled by using a combination of published and reported estimates and its own estimate for the purpose of estimating the sulphur emissions in global and county-by-country base with a historical trend from 1850 to 2000. As a sample period for a dynamic panel analysis, the data after 1950 was extracted, considering the availability of the Vol. 19, No. 2, December 2012 5 The scenario of New Toxics is excluded in the statistical test as the analysis here focuses on suphur and carbon emissions.
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partner's data, namely per-capita-GDP data (stated later). As the sample economies in the dataset, the following 19 economies in Asia were the focus for the analysis: Afghanistan; Bangladesh; Bhutan; Cambodia; China; India; Indonesia; Japan; Lao People's Democratic Republic; Malaysia; Mongolia; Nepal; Pakistan; Philippines; Republic of Korea; Sri Lanka; Thailand; Viet Nam; and Taiwan Province of China.
6
For carbon emissions, data estimated by Boden, Marland and Andres (2011) were used. This database, expressed in thousand metric tons of carbon, was estimated by a common methodology using statistics on gas fuels, liquid fuels, solid fuels, gas aring, cement manufacturing and their estimated carbon coef cients for the purpose of estimating the carbon emissions in a global and county-by-country base with a historical trend from 1751 to 2010. 7 The sample period for the panel estimation below is 1950-2009, which is consistent with the data availability of per-capita-GDP data (stated later). The sample economies are the same as those in aforementioned sulphur emissions.
The aforementioned emissions for sulphur and carbon show the total amount in each economy. For the analysis, the total amount was divided by the economy's population (both emissions will be expressed in metric kilograms per capita). For the population and the GDP per capita, version 7.0 of the Penn World Tables (PWT) estimated by Heston, Summers and Aten (2011) were used. Regarding the GDP per capita, "PPP (purchasing power parity) Converted GDP Per Capita (Laspeyres) at 2005 constant dollar prices" was adopted. The database covers data from the period 1950-2009. Time series data covering Asian sample economies, which were consistent with the samples in sulphur and carbon emissions, were used at all times.
To sum up, for conducting the panel estimation in the later section, a table of the annual data of the 19 economies for sulphur emissions per capita with GDP per capita during the period 1950-2000, and for carbon emissions per capita with GDP per capita during the period 1950-2009 was constructed.
Overview of the EKCs in sample economies in East and South-East Asia
The analysis focuses on seven East and South-East Asian economies, namely Indonesia; Japan; Malaysia; Republic of Korea; Thailand; Viet Nam; and Taiwan Province of China. These economies characteristically have been progressing in terms Vol. 19, No. 2, December 2012 4/6 6 Data from the following Asian economies were excluded: Brunei as it is an oil-production economy; Hong Kong, China; Macau, China; and Singapore because they are city economies; and Myanmar and Democratic People's Republic of Korea due to the lack of the partner's per-capita-GDP data.
of integration and diversi cation. Figure 2 reports the time series relationships (every ve years from 1950 to the end of data) between per capita GDP and per capita emissions of sulphur and carbon in the seven East and South-East Asian economies. The rough ndings are as follows. First, there seems to be a contrast in the shape of the trajectories of the EKCs. The curve for sulphur emissions appears to create an inverted-U shape pattern, especially in advanced economies, such as Japan, the Republic of Korea and Taiwan Province of China. On the other hand, the curve for carbon emissions seems to represent an increasing trend, although the slope in Japan appears to be attened with higher GDP per capita. Second, there also seems to be a difference even in the location of the trajectories of the EKCs of sample economies; the lowering and attering shifts of the EKCs for latecomer economies are clearly observed in the case of sulphur emissions. On the other hand, no clear shifts can be seen in the carbon emissions. These differences in per capita GDP-emissions relationships in terms of the shape and location of the EKC trajectories may produce different implications between sulphur and carbon emissions. This point is statistically tested through a dynamic panel estimation in the following section.
Dynamic panel analysis
The next step in the study was to conduct a dynamic panel analysis using cross-country panel data to examine the EKC pattern and determine whether the Race to the Bottom and Revised EKC scenarios would be applicable in the environmental management in Asian economies.
Methodology
To continue, clari cation of some methodological points related to the analysis is required. In studying the relationship between pollution and growth, there are two possible approaches to model construction. One is to estimate a reduced-form equation that relates the level of pollution to the level of income. The other is to model the structural equations relating environmental regulations, technology, and industrial composition to GDP, and then to link the level of pollution to the regulations, technology, and industrial composition. Essentially, the reduced-form is inferior to the structural-form, in the sense that the former denies any insight into the underlying causes of EKCs, thereby making it dif cult to design speci c policy implications from l a Vol. 19, No. 2, December 2012 4/7 3/5 83 . 19, No. 2, December 2012 4/8 EKCs (see Dinda, 2004) . In spite of this, the analysis used the reduced-form approach by basically following what has been spelled out in the literature on this subject such as Grossman and Krueger (1995) and Selden and Song (1994) . The reasoning behind this is that it is not necessary to collect data on pollution regulations and the state of the existent technology, which are not always available under the reduced-form approach.
The reduced-form equation was then speci ed by adding appropriate variables in accordance with the analytical interests. The objective, at this point, was to determine whether the Asian EKC trajectories followed the Race to the Bottom and Revised EKC scenarios. The former was veri ed by checking if the EKC trajectories do not trace an inverted-U shape while for the latter, an examination was done to see if the EKC trajectories of latecomer economies trace the lower course more closely than those of the forerunner economies. Under the Revised EKC scenario, sample economies with a later degree of development enjoy a lower level of environmental pollution than forerunners' economies. Thus, a variable representing the later degree of development among the economies was inserted into the equation for EKC. The later degree of development of a sample economy in a certain year was speci ed as the ratio of the GDP per capita of that economy relative to the maximum GDP per capita among sample economies (equivalent to the GDP per capita of Japan) in that year.
Another methodological innovation in this study was to adopt a dynamic panel model. Halkos (2003) pointed out that the use of a static model could be justi ed only if the processes were very rapid or if the static equation represented an equilibrium relationship. Since neither a rapid adjustment nor equilibrium relationship between pollution and income were expected in the observed data, a dynamic model approach would provide more statistically sound estimates. In line with the argument of Halkos (2003) , a dynamic panel model was constructed by inserting a lagged dependent variable as a regressor into the EKC equation for materializing a partial adjustment towards an equilibrium emissions level.
Based on analytical interests mentioned above, the modi ed EKC model was speci ed as follows:
where i is the economy's index, t is the time index, and e is the error term. The dependent variables EMS is the measure of the per capita emissions of sulphur and carbon. As for the independent variables, GDP is the GDP per capita. LAC represents the later Vol. 19, No. 2, December 2012 4/9
3/5 85 degree of development, speci cally the ratio of the GDP per capita of a certain economy relative to the maximum GDP per capita among economies in a certain year, namely GDP per capita of Japan; the lower LAC means the later development of the economy. The ƒ i denotes exogenously economy-speci c factors that affect emissions, including, among others, climate, geography, and energy resources. The equation does not include period dummy because its inclusion was rejected signi cantly by statistical tests in the equation estimate.
To verify the inverted-U shape of EKCs, the signs and magnitudes of α 1 and α 2 should be examined. Environmental emissions per capita can be said to exhibit a meaningful EKC with the real GDP per capita, if α 1 > 0 and α 2 < 0, and if the turning point, -α 1 /(2* α 2 ) is a reasonable number. Of particular importance is the coef cient of LAC, α 3 , which is useful for identifying the Revised EKC scenario. The positive sign of α 3 , such as a linkage of the later development of the economy with lower pollution can be a proof of the existence of the Revised EKC scenario.
Equation (1) contains the lagged dependent variable among the explanatory variables, and thus the ordinary least square (OLS) is inconsistent. Obtaining consistent estimates require the application of an instrumental variables estimator or Generalized Method of Moments (GMM). At this point, the system GMM estimator was adopted. The system GMM estimator was developed by Arellano and Bond (1991) , who argued that additional instruments could be obtained in a dynamic model from panel data if the orthogonality conditions between lagged values of the dependent and the disturbances were utilized. The GMM estimator eliminates country effects by rst-differencing as well as controls for possible endogeneity of explanatory variables. The rst-differenced endogenous variables of EMS with two lagged periods can be valid instruments provided there is no second-order autocorrelation in the idiosyncratic error terms. The rst differenced explanatory variables of GDP with one lagged period was also used as an instrumental variable since GDP could be correlated with the error term in cases in which environmental pollution might aggravate economic growth. The process next entails conducting two step GMM iterations with the weights updated one time, and adopting the White period as the GMM weighting matrix. The tests for autocorrelations and the Sargan test on over-identifying restrictions are presented in the table below. Table 1 lists the results of the GMM estimation on sulphur and carbon emissions per capita. All the cases indicate that the inclusion of the lagged dependent variable of the emissions per capita proved to be positively discernable, thus implying inertia in the level of the emissions and justifying the formation of the dynamic panel . 19, No. 2, December 2012 4/10model. The Sargan tests do not suggest rejection of the instrumental validity at conventional levels for any cases estimated. As for the test results for autocorrelations, all the AR(2) test statistics reveal the absence of second-order serial correlation in the rst-differenced errors and as a consequence that the instruments are valid.
Estimation results and interpretations
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Table 1. Results of dynamic panel estimation by GMM
The shape of the EKC of each emission index was veri ed rst. In the cases of both sulphur and carbon emissions, the estimates for the coef cients α 1 and α 2 showed signs of the inverted U-shapes, and were different from zero, as high levels of signi cance. The turning points, however, indicated a reasonable number, about $10,000, in sulphur emissions, but an unfeasible number, about $50,000, which was far beyond the observed range, in carbon emissions. Sulphur emissions can, therefore, be said to re ect a meaningful, inverted U-shaped EKC with GDP per capita, but carbon emissions appear to reveal the early stage of the EKC, namely upward sloping with GDP per capita. . 19, No. 2, December 2012 4/11 
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The difference in the turning points between sulphur and carbon emissions may be the result of the differences in the nature of pollutants -sulphur emissions are local pollutants, whereas carbon emissions are global pollutants. This difference and its interpretation are supported by the literature survey; for instance, Dinda (2004) and Nahman and Antrobus (2005) summarized by stating that EKCs were more likely to hold for local pollutants and not hold for global pollutants. According to Dinda (2004) , signi cant EKCs exist only for local air pollutants, such as sulphur, standard particle matter, mono-nitrogen oxide and carbon monoxide (Cole, Rayner and Bates, 1997) , and urban air concentrations with a peak at lower income levels than total per capita emissions (Selden and Song, 1994) . In contrast, the global environmental indicators, such as carbon dioxide, municipal waste, and energy consumption (Horvath, 1997) and traf c volumes, either increase monotonically with income or have high turning points with large standard errors (Holtz-Eakin and Selden, 1995) .
The local pollutants, such as sulphur emissions, are subject to regulation. In fact, the pollution controls on sulphur emissions have been promoted intensively over a broad area of Asia since the 1970s. According to Iwami (2001) , the remarkable reduction of sulphur emissions in Japan from the beginning of 1970s to the mid 1980s comes from environmental regulations reinforced by central and local governments, and technological development for desulphurization and energy ef ciency promoted by private companies. It also stated that the other East and South-East Asian economies were trying to initiate similar efforts to the ones set by Japan.
8 On the other hand, global pollutants, such as carbon emissions, are easily externalized and thus not subject to regulation. The next step entailed determining if the Race to the Bottom and/or the Revised EKC scenarios were veri ed in the Asian EKC trajectories. The Revised EKC scenario was identi ed in sulphur emissions, since the estimate for sulphur emissions has a signi cantly positive α 3 , coef cient of LAC, thereby representing a linkage of the later development of the economy with a lower level of emissions. In Asia, this scenario is also consistent with the result of studies on emissions-control policies and technologies in Asia. According to Iwami (2001) , for instance, in the early 1970s, air pollution, particularly sulphur concentration, in the large metropolitan areas of South-East Asia was less prevalent, despite rapid economic growth in their respective countries when compared with metropolitan areas of Japan. This is because their governments and rms implemented initiatives in the early stage of development Vol. 19, No. 2, December 2012 4/12 8 From the late 1970s to the early 1980s, Indonesia, Malaysia, the Philippines, and Thailand moved forward with establishing fundamental frameworks for environmental protection including regulations pertaining to sulphur emissions, such as laws, standards, and institutions (Taguchi, 2001 ).
based on experiences in developed countries. 9 As for the Race to the Bottom scenario, the question is whether the scenario is applicable to carbon emissions as its estimation does not show an inverted-U shape in the feasible range of GDP per capita. Since this scenario assumes the existence of high environmental standards in high-income economies, carbon emissions do not appear to be relevant to it due to the lack of a framework to regulate them effectively. As mentioned early, global pollutants, such as carbon emissions, are dif cult to regulate. In fact, regulatory frameworks on greenhouse gas were set domestically and internationally only after the Kyoto Protocol was approved in 1997. Asian countries, with the exception of Japan, are, however, non-Annex I countries. Consequently, they have no legal obligation to reduce carbon emission and therefore, lack motivation to reduce emissions and set a precedence (see, for example, Yaguchi, Sonobe and Otsuka, 2007) . Moreover, as long as even Japan, an Annex I country, has not succeeded in reducing carbon emissions in any practical terms and marking the turning point, 10 no spillover effects may be expected. Thus, it is likely that the Race to the Bottom scenario is not applicable with regard to carbon and sulphur emissions. To sum up the discussion on the scenarios' adaptability to sulphur and carbon emissions, it may be stated that the difference between sulphur and carbon emissions comes largely from the difference in the maturity of emissions-control policies and technologies in Asia for historical reasons.
IV. CONCLUDING REMARKS
For this paper, the author set out to examine whether the Race to the Bottom and Revised EKC scenarios presented by Dasgupta and others (2002) are, with regard to the analytical framework of the Environmental Kuznets Curve (EKC), applicable in Asia to representative environmental indices, such as sulphur emissions and carbon emissions in the light of the region's ongoing economic integration and great diversity. For this purpose, a dynamic panel estimation by a system of GMM using the panel data with 19 economies was carried out for the period 1950-2009.
The main ndings of this analysis are as follows. Regarding the validity of EKC, sulphur emissions follow the expected inverted U-shape pattern, while carbon emissions Vol. 19, No. 2, December 2012 4/13 As examples of technological transfers to ASEAN countries, Matusoka and others (2000) showed that they introduced automatic air-monitoring facilities, such as telemeter systems (remote data reporting), during the 1980s and 1990s by learning from the experiences of industrialized countries. Taguchi (2001) described the contribution of Japan's Official Development Assistance (ODA) for this kind of technological transfers to East Asian countries.
10
The Japan's greenhouse gas emissions increased after 2010, after a dropping briefly during [2008] [2009] . See www.env.go.jp/earth/ondanka/ghg/2010gaiyo.pdf.
tend to increase in line with per capita income in the observed range. The outcome is supportive of literature that contains arguments that EKCs are more likely to be applicable for local pollutants than for global pollutants (Dinda, 2004; Cole, Rayner and Bates, 1997; Selden and Song, 1994; Horvath, 1997; Holtz-Eakin and Selden, 1995) . Regarding the Race to the Bottom and Revised EKC scenarios, the latter was veri ed under conditions of sulphur emissions as their EKC trajectories represent a linkage of the later development of the economy with the lower level of emissions while the former is not applicable under conditions of sulphur nor carbon emissions. Even though studies show that carbon emissions tend to increase in line with per capita income in the observed range, the Race to the Bottom scenario does not appear to apply in this case. This is because the scenario assumes the existence of high environmental standards. Asian countries, including Japan, however, have not succeeded in creating effective regulatory frameworks for reducing carbon emissions, thereby no spillover effects can be expected. The difference in the scenarios' adaptability between sulphur and carbon emissions may come from the difference in the maturity of emissions-control policies and technologies in Asia for historical reasons.
These ndings imply the necessity to facilitate technological advancements, such as the development of technology pertaining to capturing and/or storing carbon dioxide, and the internalization of externalities through such methods as emissions charge and greenhouse taxes. As long as the Asia and the Paci c stands as a crucial region for greenhouse gas abatement in many senses, technological advancement and consolidated regulatory frameworks should be encouraged in the region at large. Vol. 19, No. 2, December 2012 
